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Abstract
La1.5Sr0.5NiO4 is well known to have a colossal dielectric constant (εR > 107). The La1.5Sr0.5NiO4 nanoparticle
powder was prepared by a combinational method of solid state reaction and high-energy ball milling. Magnetic
measurements show that the material has a very small magnetic moment and paramagnetic characteristic at room
temperature. The mixture of the nanoparticle powder (40% vol.) and paraffin (60% vol.) coated in the form of flat
layers of different thicknesses (t) exhibits strong microwave absorption resonances in the 4-18 GHz range. The
reflection loss (RL) decreases with t and reaches down to -36.7 dB for t = 3.0 mm. The impedance matching
(|Z| = Z0 = 377 Ω), rather than the phase matching mechanism, is found responsible for the resonance observed in
the samples with 1 < t ≤ 3.0 mm. Further increase of the thickness leads to |Z| > Z0 at all frequencies and a reduced
absorption. The influence of non-metal backing is also discussed. Our observation suggests that La1.5Sr0.5NiO4
nanoparticles could be used as good fillers for high performance radar absorbing material.
Keywords: Dielectrics; Electronic Materials; Energy Storage and Conversion; Magnetic Materials; Nanoparticles;
Powder Technology.
1. INTRODUCTION
The continuing development and utilization of mi-
crowave applications today make electromagnetic in-
terference a serious problem that needs to be solved.
Although high conductivity metals are very effective
for high frequency electromagnetic wave shielding, in
many cases they are not suitable when weak or zero re-
flection is required (such as for radar stealth technol-
ogy). While metals shield the object by reflecting the
incident radiation away, microwave absorbing materials
(MAM) are designed to absorb the radiation and there-
fore effectively reduce the reflection. Strong absorp-
tion and weak reflection will lead to a large negative
value of reflection loss (RL) and are therefore identified
∗Corresponding author. Tel.: +84 4 38364403
Email address: daonhnam@yahoo.com (D. N. H. Nam)
as two strict requirements for high loss MAMs. Min-
imum RL values as low as down to less than −60 dB
have been reported for some materials, most of them are
ferri/ferro-magnetic based nanoparticles or composites,
e.g. carbonyl iron/BaTiO3 composite (RL = −64 dB)
[1], ZnO/carbonyl-iron composite (RL = −61 dB) [2],
La0.6Sr0.4MnO3/ polyaniline composite (RL = −64.6
dB) [3], etc, indicating the dominant role of magnetic
losses over the others such as dielectric and conduction
losses.
Dielectrics usually have small permeability and, visa
versa, most magnetic materials have small permittivity.
To maximize the absorption capability by combining di-
electric and magnetic losses, and since zero reflection
can be achieved in a MAM that has equal permittivity
and permeability (εR = µR) to satisfy the impedance
matching condition Z = Z0 (Z0 is the impedance of the
free space), much attention has been paid to multifer-
Preprint submitted to Elsevier October 10, 2018
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Figure 1: (Color online) X-ray diffraction patterns (main figure)
and magnetic hysteresis loop (inset), M(µ0H), of the La1.5Sr0.5NiO4
nanoparticle powder. The peaks in the XRD patterns are marked by
Miller indices. The measurements were carried out at 300 K.
roic and magneto-dielectric materials. La1.5Sr0.5NiO4 is
known as a dielectric compound that has a colossal di-
electric constant of up to more than 107 at room temper-
ature [4, 5]. While La2NiO4 is an antiferromagnet, the
substitution of Sr for La introduces holes into the sys-
tem and suppresses the antiferromagnetic order [6, 7, 8].
Experimental magnetic data show that La1.5Sr0.5NiO4 is
a paramagnet at room temperature [7, 8, 9], suggesting
that the magnetic loss may be negligibly small. With
such a large imbalance between permittivity and per-
meability, εR ≫ µR, and insignificant magnetic loss,
the material is therefore not expected to have a low RL.
In this letter, we show that La1.5Sr0.5NiO4 in fact ex-
hibits a strong microwave absorption capability at the
resonant frequencies; for a layer of 3.0 mm, the mini-
mum RL reaches down to −36.7 dB at ≈9.7 GHz. In-
terestingly, the resonance mechanism is found to be
impedance matching with |Z| ≈ Z0 = 377 Ω.
2. Experiments
The La1.5Sr0.5NiO4 nanoparticle powder was synthe-
sized using a conventional solid state reaction route
combined with high-energy ball milling processes. A
pertinent post-milling heat treatment was performed to
reduce the surface and structural damages caused by the
high-energy milling. To prepare the samples for mi-
crowave measurements, the nanoparticle powder was
mixed with paraffin in 40/60 vol. percentage, respec-
tively, and finally coated (with different coating thick-
nesses t = 1.0, 1.5, 2.0, 3.0, and 3.5 mm) on thin plates
that are almost transparent to microwave radiation. The
free-space microwave measurement method in the fre-
Table 1: Summary of the microwave absorption characteristics for
the paraffin-mixed La1.5Sr0.5NiO4 nanoparticle layers with different
thicknesses. Here, t is in mm; fr , fz1 , fz2, fp are in GHz; and |Z′ | is in
Ω. See text for details.
t 1.0 1.5 2.0 3.0 3.5
fr - 14.7 12.18 9.7 8.2
fz1 - 14.3 12.22 9.7 -
fz2 - 13.2 - 9.2 -
fp 4, 18 13.9 12.7 10.9 10.4
|Z′|( fz1) - 209.5 34.6 18.5 -
|Z′|( fz2) - 317.2 - 242 -
RL( fr) - -24.5 -28.2 -36.7 -9.9
quency range of 4 − 18 GHz was utilized using a vector
network analyzer. An aluminum plate was used as refer-
ence material with 0% of attenuation or 100% of reflec-
tion. The permittivity and permeability are calculated
according to analyses proposed by Nicolson and Ross
[11], and Weir [12] (hence called the NRW method).
The impedance and the reflection loss are then calcu-
lated according to the transmission line theory [13]:
Z = Z0 (µRupslopeεR)1/2 tanh
[
i(2pi f t/c) (µRεR)1/2
]
(1)
RL = 20log |(Z − Z0)/(Z + Z0)| (2)
3. Results and discussion
X-ray diffraction (XRD, Fig. 1) data indicate that
the material is single phase of a tetragonal structure
(F4K2Ni-perovskite-type, I4/mmm space group) [9]; no
impurity or secondary phase could be distinguished. An
average particle size of ≈50 nm was calculated using
the Scherrers equation, d = K.λ/(β.cosθ) (where K is
the shape factor, λ is the x-ray wavelength, β is the line
broadening at half the maximum intensity, and θ is the
Bragg angle). The magnetization loop, M(µ0H), shows
very small magnetic moments with no hysteresis (Fig.
1 inset), verifying the paramagnetic characteristic of the
material at room temperature. The initial relative per-
meability, µR = (µ0H + 4piM)/µ0H, calculated from the
magnetization curve is of ≈1.005, which is only slightly
higher than that of the air (1.00000037) [10].
All of the high-frequency characteristic parameters of
the samples are summarized in Table 1. The |Z|( f ) and
RL( f ) curves for the samples with 1.5, 2.0, 3.0 and 3.5
mm are plotted in Fig. 2. For t = 1.0 mm (not shown),
no significant absorption or distinguishable resonance
could be observed. The RL value is large (> −5 dB) and
has a tendency to decrease when approaching 4 GHz
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Figure 2: (Color online) RL( f ) (squares) and |Z|( f ) (circles) curves of
the paraffin-mixed La1.5Sr0.5NiO4 nanoparticle layers with different
thicknesses: (a) t = 1.5 mm, (b) t = 2.0 mm, (c) t = 3.0 mm, and
(d) t = 3.5 mm. fz1 and fz2 are the upper and lower frequencies,
respectively, where |Z| = Z0 = 377 Ω.
(from above) and 18 GHz (from under). It is possi-
ble that a resonance peak for this sample would occur
at a frequency very close to (but higher than) 18 GHz,
considering the variation of the resonance frequency fr
on the thickness, as presented below. The RL( f ) curve
for t = 1.5 mm in Fig. 2a exhibits a deep minimum
of RL = −24.5 dB at fr = 14.7 GHz, which is very
close to the frequency fz1 (≈ 14.0-14.3 GHz) where
|Z| ≈ Z0 = 377 Ω. The close value of fr to fz1 would
suggest that the strong microwave absorption would be
attributed to the resonance caused by impedance match-
ing. However, the resonance could also be caused by
a phase matching if the phases of the reflected waves
from the two samples surfaces differ by pi. In this case,
the resonance frequency and its harmonics are given by
fp = (2n + 1)c/
(
4t
√
|εR|.|µR|
)
, where c is the speed of
light in the incident medium and n = 0, 1, 2, ... Never-
theless, since the closest fp value (13.9 GHz, obtained
for n = 1) is also quite close to fr , it is difficult to deter-
mine conclusively which mechanism is responsible for
the deep negative RL at fr for this t = 1.5 mm sample.
The phase-matching calculation for the t = 1 mm sam-
ple predicts fp ≈ 4 GHz for n = 0 and ≈18 GHz for
n = 1; both are the lower and upper frequency limits of
our measurement system.
Figs. 2b and 2c display the |Z|( f ) and RL( f ) curves
for the t = 2.0 mm and 3.0 mm samples. With in-
creasing thickness from 1.5 mm to 3.0 mm, the res-
onance shifts to lower frequencies while the notch in
RL becomes deeper. For t = 2.0 mm, the minimum of
RL appears almost at the same frequency as that of Z-
matching while the phase matching frequency is a little
higher, i.e., fr ≈ fz1 = 12.2 GHz and fp = 12.7 GHz for
n = 1. Similar scenario is also obtained for t = 3.0 mm:
fr ≃ fz1 = 9.7 GHz whereas fp = 10.9 GHz. It is quite
clear that, although the shift of the resonance to lower
frequencies is qualitatively in agreement with the phase
matching model, there is still a considerable difference
between the calculated values of fp and the measured fr
that seems to even develop with increasing the samples
thickness. Hence, both of the increasing deviation of fp
from fr and the coincidence of fr and fz1 indicate that
the resonance observed in these samples belongs to the
Z-matching mechanism.
Dielectrics absorb microwave’s energy and convert
it to heat via the rotation of polar molecules at high
frequencies and the ion-drag at low frequencies. The
Z-matching resonance itself does not necessarily cause
any energy dissipation of the electromagnetic wave, but
favors the wave’s propagation into the sample and hence
promotes the absorption. The |Z|( f ) curves in Figs. 2a-c
show that there are at least two frequencies ( fz1 and fz2)
where the |Z| = Z0 condition is satisfied. Nevertheless,
a strong absorption is obtained only at fz1 while there
is no observable anomaly (except for a shoulder for the
t = 1.5 mm sample) in the RL( f ) curve at fz2. This im-
plies that, although Z-matching occurs at both fz1 and
fz2, the energy dissipation is not promoted at fz2. Ac-
cording to eq. 2, perfect energy absorption, RL = −∞,
3
occurs if Z = Z0 = 377 Ω, i.e. |Z| = 377 Ω and the
imaginary part Z′ = 0. A deviation of Z′ from zero
will reduce RL to a finite value; the larger the relative
value of |Z′| is, the larger the minimum RL will be at the
resonance. Our data show that the t = 1.5 mm sample
has |Z′| = 209.5 Ω and 317.2 Ω at fz1 and fz2, while
those for t = 3.0 mm are |Z′| = 18.5 Ω and 242 Ω, re-
spectively. The larger values of |Z′| may explain the ab-
sence of resonant absorption at the fz2 frequencies. This
seems to be similar to the analysis reported by Pang et
al. [14] where the authors introduced an entity of imag-
inary thickness component that becomes zero at the ab-
sorption resonance. In addition, the variation of |Z′| at
fz1 (see Table 1) is also in agreement with the decrease
of the minimum RL values (from−24.5 dB to −36.7 dB)
as t increases from 1.5 mm to 3.0 mm. |Z′| is therefore
could be considered as the mismatch at the Z-matching
condition.
It is also noticeable that the RL( f ) curves do not
show any deep minimum at the phase matching frequen-
cies. The reason may lie into the use of the transpar-
ent backing plate for the samples. The electromagnetic
wave reflects at all the boundaries between two differ-
ent impedance media. However, without a metal back-
ing plate, the internal reflection at the back side of the
sample would be much weaker than the reflection at the
front side. Moreover, the internal reflection wave is also
absorbed again by the sample. So even the phase match-
ing resonance does occur, no significant cancelation of
the reflected signals would be detected. The shoulder
appearing in the |RL|( f ) curves in Fig. 2a may belong to
the phase matching effect because of the sample’s small
thickness (t = 1.5 mm). The Z-matching solution for
this shoulder is ruled out due to the large value of |Z′| at
( fz2). Considering the proximity of fz and fp, we expect
that using metal backing plates for these La1.5Sr0.5NiO4
absorbers would either further decrease the minimum of
RL or widen the absorption band by combining the two
matching effects.
With further increasing the thickness to 3.5 mm,
as displayed in Fig. 2c, the microwave absorption is
strongly suppressed. No Z-matching condition could be
observed as the whole |Z|( f ) curve lies well above Z0.
Though, the RL( f ) curve still exhibits a notch at fr = 8.2
GHz. A calculation according to the phase matching
model gives fp = 10.4 GHz (with n = 1), which is far
above fr. Apparently, none of the mentioned matching
phenomena would be the mechanism for the absorption
peak at fr = 8.2 GHz. However, since |Z| reaches its
minimum of 718 Ω at 8.4 GHz that is closely equal to
fr, this minimum in |Z| could be responsible for the deep
of RL at fr .
4. CONCLUSIONS
In summary, we have observed very low microwave
RL values for the powders of La1.5Sr0.5NiO4 nanopar-
ticles despite the large imbalance between permittiv-
ity and permeability. For t ≤ 3 mm, the resonance
takes place according to the Z-matching mechanism,
where |Z′| could be considered as a mismatch param-
eter. The smallest minimum RL is observed for the
absorber with the matching thickness of t = 3.0 mm
and in the radar X-band. The Z-matching condition is
not attained in thick samples (t ≥ 3.5 mm) that have
|Z| > Z0 at all frequencies but the peak absorption oc-
curs where the impedance reaches its minimum. We
suggest that (i) using a metal backing plate to combine
the Z- and phase-matching resonances and (ii) mixing
La1.5Sr0.5NiO4 with magnetic fillers to balance out εR
and µR would further improve the materials microwave
absorption performance.
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